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Abstract

In this study, the ethnic ratios (ERs) of oral clearance between Japanese and
Western populations were subjected to model-based meta-analysis (MBMA) for
81 drugs evaluated in 673 clinical studies. The drugs were classified into eight
groups according to the clearance mechanism, and the ER for each group was in-
ferred together with interindividual variability (IIV), interstudy variability (ISV),
and inter-drug variability within a group (IDV) using the Markov chain Monte
Carlo (MCMC) method. The ER, IIV, ISV, and IDV were dependent on the clear-
ance mechanism, and, except for particular groups such as drugs metabolized
by polymorphic enzymes or their clearance mechanism is not confirmative, the
ethnic difference was found to be generally small. The IIV was well-matched
across ethnicities, and the ISV was approximately half of the ITV as the coefficient
of variation. To adequately assess ethnic differences in oral clearance without
false detections, phase I studies should be designed with full consideration of the
mechanism of clearance. This study suggests that the methodology of classifying
drugs based on the mechanism that causes ethnic differences and performing
MBMA with statistical techniques such as MCMC analysis is helpful for a ra-
tional understanding of ethnic differences and for strategic drug development.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Regarding ethnic differences in oral clearance, it is unclear what determines the

difference or the extent to which it exists.
WHAT QUESTION DID THIS STUDY ADDRESS?

Although ethnic differences in apparent oral clearance (ethnic ratios [ERs] and
their variability) encompass interindividual differences (ITVs), interstudy differ-
ences (ISVs), and inter-drug differences (IDVs) in the same clearance mechanism
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INTRODUCTION

Ethnic differences in the oral clearance (CL,,;) of drugs
are important issues for pharmaceutical industries and
regulatory agencies because they may require dose ad-
justment for each country. The Japanese Pharmaceuticals
and Medical Devices Agency (PMDA) has been requiring
pharmaceutical industry phase I clinical studies to be con-
ducted in Japanese ethnicity for decades; thus, many com-
parative pharmacokinetic data of Japanese and Western
ethnicities are available to study the ethnic differences in
the CL,,, of drugs, which is currently not easy for other
ethnicities. The approved dosages of some drugs differ be-
tween Japanese and Western countries potentially be-
cause of ethnic differences in pharmacokinetics.* !

It is well known that the genetic polymorphism of me-
tabolizing enzymes and transporters is ethnicity depen-
dent and affects pharmacokinetics of various drugs.'®"?
Not only for these well-known factors, nucleic recep-
tors, > cytokines,15 and microRNA,'® which regulate
the expression of metabolizing enzymes and transporters,
may also cause ethnic differences in pharmacokinetics.
This point is critically important for international drug
development, and the reason why Japanese regulatory au-
thorities have required studies in the Japanese population
to assure the safety of drugs in their own country.

A serious concern regarding the evaluation of eth-
nic differences is the appropriateness of comparison
between clinical studies conducted under different con-
ditions."”™ For example, significant ethnic differences
in pharmacokinetics have been previously reported for
simvastatin, moxifloxacin, and meloxicam (substrates of
CYP3A/OATP1B1, UGT1Al, and CYP2C9, respectively)
by comparing pharmacokinetics in independent studies.
Therefore, a carefully controlled study was performed to
confirm ethnic differences.”> However, unexpectedly, no
noticeable ethnic difference was observed, suggesting that
the previous results were likely false positives caused by
interstudy variability (ISV).

ASCPT

group, modeling the hierarchical structure of the errors allowed us to separate
IIVs, ISVs, and IDVs to quantitatively estimate the true ERs.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Ethnic differences in pharmacokinetics should be examined in clinical trials with
necessary statistical power considering the clearance mechanism of each drug.
HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT,
AND/OR THERAPEUTICS?

The outcome of this study will facilitate the international development of safe
and effective new drugs by enabling a rational assessment of ethnic differences
in pharmacokinetics.

A large number of clinical trials with insufficient
power will probabilistically produce some false positives
and negatives. However, the relationship between power
and frequency of false evaluations has not been fully in-
vestigated. A basic problem is that the degree of interin-
dividual variability (IIV) in pharmacokinetics in clinical
pharmacology studies has not been systematically evalu-
ated, and no effort has been made to distinguish between
IIV and ISV.

The CL,,, is theoretically total clearance divided by
bioavailability, which is a product of absorption ratio
(F,), intestinal availability (F;) and hepatic availability
(Fy).?! Although it is not straightforward to discriminate
Fg and Fy, their determinants are activities of various
metabolism and transport.”* Thus, the determinants of
CL,,, are clearances in the liver, kidneys, and small in-
testine, in addition to F,. Therefore, ethnic differences
in CL,,, should depend on the clearance mechanisms
of each drug, unless F, is very small. In this study, we
hypothesized that, if drugs are appropriately classified
by their clearance mechanisms while excluding the low
absorption drugs, the ethnic differences will be appro-
priately evaluated for each classification and inter-drug
differences within a group will be minimized, allowing
us to evaluate interindividual and interstudy differences
for each classification. For this purpose, we collected the
CL,,, of 81 drugs evaluated in Japanese or Western pop-
ulations in this study, and assessed the degrees and vari-
ability of ethnic differences in CL,;. A structured error
model was constructed, and the data were analyzed by
the Gibbs sampling (GS) method, a Markov chain Monte
Carlo (MCMC) method,”* to identify interindividual,
interstudy, and inter-drug variability (IIV, ISV, and IDV,
respectively) for each classification. The goal is not to
precisely identify the mechanism of ethnic differences
for each individual drug, but rather the question is how
to evaluate the risk of ethnic differences when setting
the dosage of new drugs for each country with practical
resources.
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METHODS
Data collection

In this study, oral drugs for which pharmacokinetic data
were available for both Japanese and Western populations
were collected. Japanese subjects must have been Japanese
for the prior three generations by Japanese regulation,
whereas ethnicity generally has not been strictly controlled
in the other countries. Therefore, clinical studies con-
ducted in Western countries were considered as conducted
with Westerners. Common technical documents for new
drug applications in Japan, which are available from the
webpage of PMDA, were surveyed. The data were also
obtained from interview forms (official explanatory docu-
ments of the drug for pharmacists in Japan) and from the
literature. The “drug name pharmacokinetics” keywords
were used for the PubMed literature search. Information
was collected using the following inclusion criteria:

» Volunteers were healthy adults and younger than
40years old except for those taking anticancer drugs.

« Studies were conducted in fasting conditions, or in fed
conditions but the geometric mean ratio (GMR) of area
under the curve (AUC) was within 0.8-1.25 of the AUC
observed in the corresponding fasting conditions in the
same ethnicity.

« When AUCs of various doses were available, the data
were adopted if the GMR was within 0.8-1.25 of CL,
observed in the standard dose in the same ethnicity.

« Studies with immediate release formulations in which
AUC included the GMR of 0.8 to 1.25 compared with
the standard formulation in the same ethnicity.

The information was excluded by the following criteria.

 Studies with slow-release formulations and combina-
tion tablets.

Classification of drugs based on
clearance mechanism

Drugs were classified into eight groups based on their
clearance mechanism and pharmacokinetic characteris-
tics: (A) mainly by renal excretion, (B) mixed type (by both
hepatic elimination and renal excretion), (C) metabolism
by CYP3A, (D) by CYP2D6, (E) by CYP2C19, (F) by other
hepatic enzymes, (G) transported by OATP1B, and (H)
low absorption (drugs with oral bioavailability of <1.0%).
Drugs with renal excretion ratios of greater than 50%
and 10%-50% were classified as (A) and (B), respectively.
When only the renal excretion ratio after oral dosing was

available, the value after oral dosing was divided by bio-
availability to estimate the value after intravenous dos-
ing. If bioavailability was unavailable, it was assumed
to be 1.0. Drugs with a contribution ratio to CL,,,***’ of
more than 0.5 for each CYP isozyme or transporter were
classified as (C) to (E) and (G). In other words, approxi-
mately more than two-fold AUC increase was observed
in a clinical study when a selective strong inhibitor of the
corresponding clearance mechanism was administered
concomitantly.'? Other drugs eliminated via the liver are
classified in (F).

Data processing

AUC of zero to infinity in single-dose studies and AUC of
dosing interval period in the steady state in repeated-dose
studies were used for CL, calculations. When the last
measured concentration was less than 1/50 of the maximum
plasma concentration, an AUC of zero to the last meas-
ured time in a single-dose study was also adopted. In this
study, CL,,,; was not corrected by body weight because it
was unavailable in many studies and the average difference
in available data was only 14% lower in Japanese subjects.
Regarding substrates for CYP2C19, CL,,,; was evaluated
for each genotype in the clinical study, and CL,,; was cal-
culated as the weighted average based on the reported fre-
quency of the genotype in each ethnicity®®° (Table 1). For
substrates of CYP2D6 and OATP1B, a clinical study without
genotyping was included. We assumed a logarithmic nor-
mal distribution for CL,, and, hence, the geometric mean
and geometric standard deviation were collected from the
reports when available (Supplementary Methods).

Error model with multilayered structures

The structure of the error model is illustrated in Figure 1.
It was assumed that logarithmic CLyy4q¢ and CLjgq,
(CL,q for study s of the d-th drug in group g of Westerners
and Japanese, respectively) follows a normal distribution,
as shown in Equation 1:

In CLW’g,d’SN./\/(ln éiw,g,d’

2 ~2
Symgds T mISV,g) ¢y

~ AT A2
In CLJ,g,d,S N(ln(CLW’g’d X ERg,d)’ GéM,g,d,s + mISV,g) (2)

Each symbol (letter) in the lower right corner of the
formulas (g,d,s) means group ID, drug ID, and study ID,
which correspond to the ID in the Supplementary File of
the clinical studies, respectively. The parameters attached
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TABLE 1 Frequency of alleles
that affect the metabolic phenotype of
CYP2C19.

FIGURE 1
in this study. The parameters o

Multi-layered error model

2
1Iv,g.d,s’
62

VMgds Ngds m%SV,g’ w%DV,g’ ER,, and
CLy 44 represent the unbiased estimate
of inter-individual variance, variance of
mean oral clearance (CL,,,;), number

of subjects, variance for interstudy
variability, variance for inter-drug
variability, ethnic ratio of CL,,,;, and
estimated CL,,, of Western populations,
respectively. The subscripts g, d, and s
represent groups g, d, and s, respectively.
The parameters attached to the hat
represent the parameters inferred by the
Markov chain Monte Carlo method.

to the hat represent the inferred parameters. Parameters
are the variance of mean CL, for

2 2
Symgds N Vigy

Frequencies
Western Japanese
MP GT GT MP GT MP
EM *1*17 0.3239 0.7319 0.0100 0.3200
*17%17 0.0070 -
*1*1 0.4010 0.3100
M HE2) 0.1972 0.2535 0.3900 0.4900
*2%17 0.0563 -
*3*%17 = =
HE = 0.1000
PM *2%2 0.0141 0.0141 0.1300 0.1900
*2*3 - 0.0400
*3%3 - 0.0200

Note: CYP2C19 is well-known for its various genotypes that affect each MP. This study concentrated on
the major genotypes that are known to exist in Japanese and Whites, and their frequencies were used for

calculations of oral clearance for CYP2C19, as mentioned in the Materials and Methods.

Abbreviations: EM, extensive metabolizer; GT, genotype; IM, intermediate metabolizer; MP, metabolic

phenotype; PM, poor metabolizer.

The information is derived from Myrand et al.*

individual data
2
O1Ivgd,s

study data

variability of mean

2 _ 2
o-VM,g,d,s - GIIV,g,d,s/ng,d,s

drug data O
inter-study variability A A AR
VL L

Group X classified by clearance pathway ‘—\

~2
Wigy g

:

Japanese

ethnic data
combined variability

2 2
Oymgds T Wisvg

In(ERgq X CLygq) InCLygq

o _
ethnic ratio "\ InER,

inter-drug variability :

~2 1

Wipv,g !

- ' Y,
/) /)
2

in group g. Parameters o

. . VM,g,d,s
following equation:

study s of the d-th’drug in group g and variance of random
effects for ISV for drugs in group g, respectively. ER, 4 is a
fixed effect representing the ethnic ratio (ER) of CL,, be-
tween Japanese and Western populations for the d-th drug

2
5 Cv,gds
GVM,g,d,s - n
gds

were calculated using the

(3)
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where wa’ ds is the unbiased estimate of variance for ITV of
logarithmic CL,, that was calculated for study s of the d-th
drug in group g, and ng 4 is the number of subjects in the
study. The interindividual variance for the d-th drug (cfw,g, d)
and that for group g (G%IV’g) was calculated as the weighted
means of cIZIV,& ds for the number of subjects involved when
necessary. Note that ISV is completely separated from IIV in
this model. ER, 4 is further modeled with the mean of ER
for drugs in the group (ER,), and variance accounts for its
random effect on IDV ((’O%Dv,g):

~ oD A2
InERG,4~ A (ERg, oy )

4)

Statistical analysis
MCMC method

In this study, GS was used to perform the MCMC method
(Supplementary Methods).

Evaluation of ERs

We judged that ER was significant if its 99% credible inter-
val (CI) did not cross 1.0 (Supplementary Methods).

Simulation analysis for method validation

The appropriateness of the application of the MCMC
method to the current analysis was validated through a
simulation study. A total of 100 virtual datasets were gen-
erated, in each of which the sample size was the same as
(C) CYP3A, the logarithmic ER varied from —0.69 to 0.69
uniformly, and 1TV, ISV, and IDV varied from 10% to 60%
uniformly and independently as transformed coefficient

of variation (CV). The number of drugs and studies per
drug was set to 25 and six (4 Western and 2 Japanese stud-
ies), respectively. The GS model, which was the same as
that used in the main analysis, was applied to each data-
set, and the biases of the estimated ER, ISV, and IDV were
assessed (Figure S1).

RESULTS

Information for drugs and clinical studies
in the present study

Pharmacokinetic data were collected for 81 drugs from
673 studies (246 in Japanese and 427 in Western popu-
lations), enrolling 16,996 subjects (5518 Japanese and
11,478 Western; Table 2).

Analysis of IDV

For the eight drug groups, the IDVs of ER and ISVs in
CL,, Were inferred using the MCMC method with the
ERs. Based on our hypothesis, IDV should be sufficiently
small when the classification is appropriate. This criterion
was satisfied for the drugs eliminated by the renal route,
that is (A) and (B), because the IDVs were very small, ~5%
of the CV (Figure 2a). In contrast, for the drugs eliminated
by the hepatic pathway, that is (C) to (G), the IDVs were
larger, in the range of 10-25%. In groups metabolized by
one specified metabolic enzyme, that is (C), (D), and (E),
the median IDVs were less than 20%, however, in poly-
morphic enzymes, (D) and (E), their CIs of IDVs were
larger than (C). In (F) and (G), the IDVs were the highest
among the eight drug groups and varied. The IDV of the
low absorption (H) group could not be calculated because
only two drugs were included.

TABLE 2 Number of drugs in each category classified by cleared mechanism obtained from clinical studies.

Study Subject
Group Drug Japanese Western Total Japanese Western Total
(A) CYP3A substrate 25 50 102 152 1083 2227 3310
(B) CYP2C19 substrate 6 27 35 62 651 1298 1949
(C) CYP2D6 substrate 8 15 30 45 244 614 858
(D) OATP1B substrate 7 29 41 70 608 828 1436
(E) Other hepatic clearance 12 42 65 107 1014 2136 3150
(F) Hepatic and renal mixed 11 39 96 135 910 2528 3438
clearance
(G) Renal clearance 10 36 54 90 915 1676 2591
(H) Extremely low-absorption 2 8 4 12 93 171 264
Total 81 246 427 673 5518 11,478 16,996




META-ANALYSIS OF ETHNIC DIFFERENCES IN ORAL CLEARANCE

| 1137

Analysis of ISV

Drugs eliminated via the renal route of (A) and (B) had
small ISVs of ~15% and 10%, respectively, as CV. In
contrast, the ISVs were unignorable, with ~20% of the
drugs eliminated by the hepatic pathways for (C) to (G)
(Figure 2b). Overall, ISVs were similar to IDVs, except for
(F) and (G), in which the ISVs were smaller than the IDVs.

Analysis of IIV

The IIVs of CL,,,; were calculated from the results of clini-
cal studies apart from the MCMC analysis (Figure 2c). The
ITVs were small, ~20% in (A) renal excretion and 30% in
(G) mixed type. The IIVs were moderate (~40%) in (C),
(F), and (G), but increased to more than 60% in (D) and
(E), where the frequencies of the genetic polymorphism
were high. The IIV in (H) with low absorption was ~60%,
and as large as (D) and (E). The trends in changes of ITV
by drug groups in Japanese and Western populations were
entirely the same, although they were derived from inde-
pendent clinical studies, suggesting that IIV is dependent
on the clearance mechanism.

Overall, the profile of group-dependent changes
in ITV was similar to that of ISV, and their values were

ASCPT

approximately double those of the ISVs. This observation
raises the concern of whether the current MCMC analy-
sis can evaluate ISVs and IIVs separately. The simulation
analysis in a later section addresses this concern.

Analysis of ER of CL,,; between
Western and Japanese populations

The ERs of CL,,, between Western and the Japanese
populations were inferred simultaneously with IDVs
and ISVs using the MCMC method (Figure 3). In this
study, a 99% CI was adopted considering reliability
(Figure S2). The ER profile was dependent on the drug
groups classified by clearance mechanism. Among the
drug groups investigated in this study, ethnic group dif-
ferences were evident only for (E) CYP2C19 and (H)
low absorption. The median ERs were 0.58 (99% CI
0.38-0.84) for (E) and 0.26 (99% CI 0.15-0.44) for (H),
respectively. In (E), the upper 99% bounds of four of
the six individual drugs are less than 1.0. For the low-
absorbable bisphosphonates in (H), a remarkable eth-
nic difference was observed, but only two drugs were
involved in this group.

For the other groups, no significant ethnic differ-
ences were observed in median ERs, which were 1.01,

(a) (b) (c)
_ 100
_ Westerners
60 40 28 | i [ Japanese
- ) - a0 T 0 A
5 40 T ) 5 60 Y
= I = R 50
Z 30 l | & 20 z Z 40 Y N7
20 — 30 1
ol 1 TH 0{$ |
=8 T 10 %F §
O T T T T T T T T O T T T T T T T T 0 I
N v o O Q& N v o% 0 Q&R L N Vv o O Q QS
'D\C) bC) 4Q":) Qq/O 0'\ 0\\9 &Q\ &Q\\O (‘}C) 60 ‘\Q’b Qq’ c)\ o~\\"o ,\Q\ &\\'0 (bC) e>C) {Q(b Qqs) “[,C)\ o'\\% «Q\ QQO
ano @.\_\g; O R\ dQ e@o K & Qg,o @\_\g’ RS K\ 0\,50 S < Qg,(\ ®@ O & d‘z I o ~o°§§
AP N & O W? S N & O W° Ao O & S o°
N N
& & & S g X
< < O’Sé\
<Q Q QO

FIGURE 2

Interindividual variability (ITV), interstudy variability (ISV), and inter-drug variability (IDV) of oral clearance in Japanese

and Western populations for 81 drugs. (A) Renal clearance (CL) drugs; (B) mixed hepatic and renal CL drugs; (C) CYP3A substrates;

(D) CYP2D6 substrates; (E) CYP2C19 substrates; (F) other hepatic metabolism drugs; (G) OATP1B substrates; and (H) extremely low
absorption drugs. We subtracted 1.0 from exponential of the standard deviation of logarithmic CL,,,, and shown as a percentage. (a) IDV
and (b) ISV were inferred by the Markov chain Monte Carlo (MCMC) method. The boxes and bars represent the interquartile and 2.5-97.5
percentile ranges of MCMC samples, respectively. IDV for group (H) was fixed to zero because only two drugs were included in this group.
NE, not estimated. (c) IIV was calculated from the standard deviation or analogous information described in the data source. The 95%
confidence interval for the variance of ITV was calculated as {(n — 1)*s%/4* (0.025), (n — 1)*s*/5* (0.975)}, where n refers to the total number of
subjects included in studies, s> to the study-level weighted average of the unbiased variance of InCL, and 4* (0.025) and y* (0.975) to 2.5 and
97.5 percentiles of a chi-square distribution with one degree of freedom, respectively. CV, coefficient of variation.
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0.94, 0.98, 0.81, 0.89, and 0.74 for (A), (B), (C), (D), (F),
and (G), respectively. Their 99% CIs as group intersected
1.0. Overall, 99% CI intersected 1.0 for 66 drugs out of
the 73 drugs involved in these six groups. Exceptions
were tadalafil and alprazolam in (C); eltrombopag and
febuxostat in (F); and olmesartan, atorvastatin, and ro-
suvastatin in (G).

In Figure 3, a drug is marked if it has a study in which
Japanese and Western CLs were compared using an iden-
tical protocol. The CIs of ER for these drugs were smaller
than those for the other drugs, especially when the num-
ber of subjects in the study was sufficient, such as tadalafil
and tolvaptan.

Simulation analysis with virtual datasets

Because ethnic differences in pharmacokinetics have
not been analyzed using the MCMC method, its ap-
propriateness was checked by a simulation study. The
analysis showed that 99.2% of the ER fell within two-
fold of the true values (Figure 4a). The overall variability
of residual errors for ER was 23.2% CV, suggesting that
the method appropriately estimated ERs without bias.
Most of the ISVs were estimated within absolute errors
of £10% CV (Figure 4b) and were not affected by IIV
in either Western or Japanese subjects (Figure 4c,d).
The CVs of residual errors for ISV were 4.3% and 6.4%
for Western and Japanese studies, respectively (4 and
2 studies, respectively, were generated for one drug).
Overall, the simulation results support the accuracy and
robustness of the MCMC method applied in the current
analysis.

DISCUSSION

The ethnic differences between natives and foreign people
have recently arisen not only in Japan, but also in other
non-Western countries.’’ On the other hand, in multi-
ethnic countries, dose adjustments among ethnic groups
are a complex and difficult issue, and the need for such
adjustments is rarely discussed. Nevertheless, there are
cases where the Western regulatory authority required
clinical trials conducted in Asia to be validated in the
West.*>? Thus, a rational assessment of the significance of
ethnic differences is now a critical issue for any country.
Dosage should basically be determined by drug efficacy
and safety, and pharmacokinetics is used as an indica-
tor of this. In phase I studies conducted in Japan in the
past, if a significant ethnic difference in CL,,,; is detected,
subsequent clinical studies were often conducted with
the adjusted dose to confirm the efficacy and safety. For

this strategy to be relevant, ethnic differences should be
reliably evaluated. However, the detection power of eth-
nic differences has not been seriously discussed under the
limitations of resources allowed for phase I studies.

This study was based on the assumption that, when the
activities of drug-metabolizing enzymes and transporters
depend on ethnicity because of genetics and habitual/
environmental factors, their substrate drugs should share
the same trend for the ER of CL,;. Accordingly, the ER,
IDV, and ISV of an appropriately classified group should
be useful for examining the reliability of ethnic differ-
ences evaluated in phase I studies. As expected, the anal-
ysis suggested that the profiles of IDV, ISV, and ER were
noticeably dependent on the clearance mechanism of the
drugs. In groups (A) and (B), IDVs were very small and ER
was almost 1.0, suggesting that the classification was ap-
propriate and the ethnic differences were small. In groups
(C) to (E), the median IDVs were less than 20%, suggesting
that the classification was reasonable. However, for drugs
in groups (D) and (E), the estimated variances in IDV were
large, likely owing to large IIVs, which inevitably resulted
from a genetically polymorphic clearance mechanism.
For these drugs, dose adjustments, if necessary, would be
more appropriately achieved based on IIV rather than ER.
However, for drugs in (G) and potentially some drugs in
(F), the analysis suggested that IDV was more important
than IIV. Therefore, the identification of the clearance
mechanism and appropriate classification may still be an
issue for drugs in these groups.

By using the information obtained in this study, ethnic
differences in pharmacokinetics could be detected prop-
erly with appropriate power. For example, if a 1.5-fold in-
crease in ER is detected in a phase I clinical trial with a
size of 10 patients per panel for a drug in the CYP3A sub-
strate group (C), the likelihood that this is a type 1 error
(false positive, o error) is only 3% when there is no ISV but
is estimated to be 22% when the ISV detected is assumed
(Figure S3). In addition, if 80% power (1 — ) is necessary,
we can detect ERs of 1.7 or more without ISV in clinical
trials of the same size, but with ISV, this number increases
by as much as 2.5 (Figure S4). The maximum ER observed
in (C) was 1.80-fold (Figure 3), even considering the 99%
CI; therefore, in this case, the significance of conducting
the trial is questionable. In other words, when conducting
local phase I studies, it is very important to minimize ISV
by using the same formulation and design. For a more pre-
cise evaluation of ER, studies that enrolled both ethnici-
ties in the same study or were conducted with the same
protocol are preferable, and the CIs of ER were actually
narrower when such a study was included in the evalua-
tion (Figure 3).

Ethnic differences for the drugs in (D) and (E)
were expected because CYP2D6 and CYP2C19 are
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(a) Renal CL
1.01 (0.94, 1.10) -

Famciclovir 1.04 (0.93, 1.21)
Pramipexole 1.04 (0.92, 1.24)

Pregabalin 1.04 (0.92, 1.24)
Naratriptan 1.02 (0.93, 1.14)
Metformin 1.01 (0.88, 1.18)
Gabapentin 1.00 (0.87, 1.14)
Lenalidomide 1.00 (0.94, 1.06) -
Topiramate 1.00 (0.87, 1.11)
Levofloxacin 0.99 (0.85, 1.12)
Alogliptin 0.99 (0.88, 1.09) -

(b) Mixed CL
0.94 (0.85, 1.02)
Imidafenacin 0.98 (0.85, 1.25) -
Edoxaban 0.97 (0.91, 1.04)

Galantamine 0.96 (0.87, 1.06)
Memantine 0.95 (0.82, 1.14) 1

Rizatriptan 0.94 (0.79, 1.09)
Zolmitriptan 0.93 (0.77, 1.07) 4
Telithromycin 0.93 (0.74, 1.08)
Zonisamide 0.92 (0.71, 1.10)
Moxifloxacin 0.92 (0.82, 1.02)
Sumatriptan 0.91 (0.73, 1.05) -
Pilocarpine 0.91 (0.76, 1.03) -

(c) cYP3A
0.98 (0.84, 1.14) -

Simvastatine 1.27 (0.98, 1.69) |
Eletriptan 1.23 (0.89, 1.80) |
Tadalafil 1.17 (1 04 1.32) |
Solifenacin 1.11 (0.77, 1.69) |
Valdenafil 1.10 (0.75, 1.74)
Sefitinib*1.06 (0.72, 1.61)
Silodosin 1.02 (0.73, 1.46) |
Erlotinib 1.00 (0.66, 1.52) |

(d) cYP2D6

(e) cypP2c19

(f) Other hepatic metabolism

(9) OATP1B

Triazolam 0.99 (0.65, 1.53) |
Nilotinib 0.99 (0.63, 1.58) _|
Nifedipine 0.98 (0.64, 1.47)
Eplerenone 0.98 (0.68, 1.39) |
Quetiapine 0.97 (0.62, 1.46) |
Brotizolam 0.97 (0.64, 1.43) |
Midazolam 0.96 (0.63, 1.43) |
Imatinib 0.95 (0.62, 1.43) |
Maraviroc 0.92 (0.57, 1.40) _|
Tolvaptan 0.92 (0.78, 1.09) _|
Sildenafil 0.92 (0.64, 1.28) |
Tacrolimus 0.91 (0.57, 1.36) |
Cabergoline 0.90 (0.56, 1.34) |
Everolimus 0.89 (0.60, 1.24) |
Nisoldipine 0.87 (0.59, 1.22) |
Alpransmih DR %S, b4

0.1
ERin CL
(Japanese/Westerners)
FIGURE 3

0.81 (0.60, 1.11)

Paroxetine 0.87 (0.61, 1.65) -
Mexiletine 0.83 (0.59, 1.21) 4
Flecainide 0.82 (0.54, 1.32)
Toramadol 0.82 (0.55, 1.27)
Tolterodine 0.82 (0.51, 1.37) 1
Atmoxetine 0.80 (0.51, 1.19) 1
Loratadine 0.78 (0.50, 1.09) -
Tropisetron 0.77 (0.39, 1.12) 4

0.58 (0.38, 0.84) |

Rabeprazole 0.66 (0.47, 1.06)
Voriconazole 0.60 (0.38, 1.03) -
S-Citalopram 0.58 (0.35, 0.96) -
Sertraline 0.58 (0.38, 0.85) -
Lansoprazole 0.55 (0.39, 0.76)
Omeprazole 0.51 (0.26, 0.74) -

0.89 (0.71, 1.12) -

Sorafenib 1.27 (0.89, 1.84)
Aliskiren 0.99 (0.78, 1.26) 4
Finasteride 0.98 (0.68, 1.47) 4
Aripiprazole 0.97 (0.79, 1.20)
Mitiglinide 0.96 (0.71, 1.34)
Sunitinib 0.96 (0.65, 1.47) 4
Vorinostat 0.88 (0.55, 1.39)
Ezetimibe 0.82 (0.60, 1.12) 4
Dienogest 0.80 (0.58, 1.08) -
Montelukast 0.77 (0.58, 1.01) -
Eltrombopag 0.71 (0.50, 0.98) 4
Febuxostat 0.70 (0.55, 0.89) 4

0.74 (0.47, 1.08) | H
Bosentan 1.03 (0.85, 1.25) * HH
L

Pitavastatin 0.82 (0.59, 1.14) - —{TH
Telmisartan 0.79 (0.46, 1.39) —TH—
Olmesartan 0.77 (0.65, 0.91) HIH
Grazoprevir 0.68 (0.44, 0.99) —{T+
Atorvastatin 0.66 (0.47, 0.90) - —{TH
Rosuvastatin 0.53 (0.35, 0.81) —AT+—
(h) Low absorption
0.26 (0.15,0.44) {  +——T1—
Risedronate 0.26 (0.15, 0.44) —T+—
Alendronate 0.26 (0.15, 0.44) —T+—
T 1
0.1 0.5 1 2.0
ERinCL
(Japanese/Westerners)

Inferred ethnic ratio of oral clearance (CL) of Japanese to Western populations for 81 drugs with the Markov chain Monte

Carlo (MCMC) method. The drugs are arranged in descending order of ethnic ratio (ER) in each group. The boxes and bars represent the

interquartile and 0.5-99.5 percentile (i.e., 99% credible interval) ranges of MCMC samples, respectively. The interval of 99% was adopted

as a significant criterion based on a simulation study. The bar at the top of each group indicates the ER of the group representative. Boxes

marked with an asterisk indicate drugs for which both Japanese and Western subjects are included in the same study. *Gefitinib is classified

in the CYP3A substrate group in this study but also metabolized by CYP2D6 with almost equally contribution.*’

ethnic-dependent polymorphic enzymes.*'***** Although
the frequency of being a poor metabolizer (PM) for
CYP2D6 is lower in East Asian than in Western popula-
tions,'®* the allele frequency of *10, which is responsi-
ble for an intermediate metabolizer, is abundant (38.6%)
in the Japanese.*” The clearance of CYP2D6 is decreased
to one-fourth of what or more in homozygotes of *10.%

The median ER in (D) was 0.81, which was not signifi-
cantly different from 1.0. In contrast, the PM frequency for
CYP2C19 is larger in the Japanese (19%) than in Western
(2%) subjects (Table 1),1028-30 which is consistent with
the observed ER. Groups (D) and (E) were characterized
by higher IV than the other groups (Figure 2c). The IIV
was smaller in Japanese than Western populations for (D),



1140 |

SATO ET AL.

ASCPT

(a) Goodness-of-fit Plots for ERs

10 90 i
o Western Studies
5 - P I 80 1 o Japanese Studies
99.2% within LB x 70 - >
4 2-fold error S
:% 2 ; g 5 60 © GQ//. ©o0
© x X g . c&"
2 1 e 5)- e
§ D LR
o B 2 S )
2 0° a F 301 e 94.0% within
P R 20 - ! absolute errors
02 | A% of £10%CV
. X ></)( 10 4~
X
0.1 a T I\ T T T T T 0 B T T T T T T T T T T
0.1 0.2 0.5 1 2 5 10 0 10 20 30 40 50 60 70 80 90
Mean Estimates Mean Estimates, %CV
(c) Residual Plot for ISV vs IIV (Western) (d) Residual Plot for ISV vs IIV (Japanes)
25 25
3 20 - 3 20 - o
S ES
~= 15 A . = 15 - o
2 L) : g 10
£ 10 = ) )
‘_ [ ] (1] .. o I. 09 %oo & OO
5 5 el . . 5 5 Q P oo QB
D o . [ 1d @ el ©
A . 1 " ’.?'f"t'.' P g . chggo?%pé% £8.5
‘>-’ e, 5 ; - > ® oo o :5 o
2 51 - :o " %2 2 51 08,8 °° ¢
15} 4 5] °
o -10 @ -10 5
S 15 S5 °
=2 -2 o ©
8 -20 - 8 20 - °
14 o
'25 T T T T T T T '25 T T T T T T T
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

True IV, %CV
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FIGURE 4 Simulation analysis for
validation of the Markov chain Monte
Carlo (MCMC) method. (a) Comparison
of true and estimated ethnic ratios for
every 25 virtual drugs in the 100 datasets.
(b) Comparison of true and estimated ISV
in Western (red diamond) and Japanese
(blue circle) studies. (c) Dependency

of the estimation of ISV on ITV in

the Western study and (d) that in the
Japanese study. Note that the numbers
of virtual studies in a dataset were four
and two for Western and Japanese
studies, respectively; thus, the variability
was larger in the Japanese study. CV,
coefficient of variation; ER, ethnic ratio;
11V, interindividual variability; ISV,
interstudy variability.

whereas the ITV was larger in Japanese than in Western
populations for (E) (Figure 2c). Overall, the ER and IIV in
(D) and (E) are consistent with the current knowledge of
genetic polymorphisms. For drugs eliminated by polymor-
phic enzymes, such as (D) and (E), it seems unreasonable
to adjust the doses for ethnicity based on the average dif-
ference. These drugs should be considered for the target of
precision medicine with personalization of dosages based
on genetic testing when necessary. The difference between
the CL,,, of extensive metabolizers and PMs can be pre-
dicted also from in vitro experiments® and simulations.’
In the case of precision medicine, various covariates of pa-
tients, such as sex, age, and pathology, would need to be
considered simultaneously.

With regard to group (G), a systematic review to ad-
dress ethnic differences in the pharmacokinetic param-
eters of statins suggested that the hepatic clearance of
statins mediated by OATP1B are ethnic dependent.®
Although the median ER did not deviate from 1.0 for (G),
the upper bound of CI less than or equal to 1.0 in three out
of seven (Figure 3) resulted in the largest IDV among the
drug groups investigated (Figure 2b), suggesting hetero-
geneous characteristics of this group. Genetic variants of
OATP1B1, such as C521T (p. Vall174Ala), are known to sig-
nificantly influence systemic exposure to OATP1B1 sub-
strates.'*? However, because the IIV of (G) was relatively

small compared with IV of (D) and (E), and similar to (C)
and (F) both in Japanese and Western subjects (Figure 2c),
it is unlikely that there are highly frequent genetic varia-
tions that impact the IIV of clearance in this group. There
may be unknown variable factors of CL,,, that might be
related to the ethnic pharmacokinetic differences in this
group. Unlike CYP substrate drugs, the CL,,; of drugs in
this group is not determined solely by OATP1B activity.
For instance, rosuvastatin is not only a typical substrate
of OATP1B and also a good substrate of BCRP.*® Whether
ethnic differences in CL,, of rosuvastatin could be at-
tributed to the genetic polymorphisms of BCRP (C421A
and GIn141Lys)' is still debatable.

The ER of CL, was remarkably lower than 1.0 in
(H), the low absorption group, in which only two bis-
phosphonates, alendronate and zoledronate, were in-
cluded (Figure 3). Thus, the dose was 35mg weekly in the
Japanese population (half the dose compared to that in
most Western countries). Because the ER of these drugs
was 0.8 for systemic clearance after intravenous injection
(data not shown), the ethnic differences are attributable to
their absorption process from the gut. The oral availabil-
ity of bisphosphonates is strongly affected by various in-
testinal conditions, such as meals, beverages, metal ions,
gastrointestinal, and pH.*' There are no trials comparing
ethnic differences in bisphosphonates in the same trial;
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thus, it is possible that such factors affect the absorption
between trials, resulting in ethnic differences.

The reason for the larger variability in (C) and (F) than
in (A) and (B) is currently unknown. Drugs in (C) undergo
intestinal metabolism because CYP3A is expressed in the
intestines. In addition, efflux transporters, such as P-gp,
works by collaborating with CYP3A in the intestines.
These factors may contribute to the larger variability in
CL,.a- The trend of a larger IDV in (F) potentially results
from the clearance mechanisms being heterogeneous.
Because montelukast, eltrombopag, and febuxostat in
(F) are subjected to glucuronidation, a possible contrib-
uting factor may be the involvement of polymorphic glu-
curonosyltransferases in clearance mechanisms, such as
UGT1A1%6 (211G>A), a frequent genetic variant in the
Asian population.**

Based on the results of this study, drugs in (A), (B), (C),
and, with some limitations, in (F), are likely to have small
ethnic differences in pharmacokinetics. Nevertheless, if the
safety margin is considerably small, and ethnic differences
need to be examined very precisely for drugs in these groups,
sufficient statistical power should be used to avoid false
evaluations. On the other hand, for drugs whose clearance
is determined by transporters or unknown mechanisms,
such as (G), and drugs with special pharmacokinetics, such
as (H) bisphosphonates, ethnic differences in pharmacoki-
netics may need to be examined in local phase I studies.

This study suggests that the methodology of classifying
drugs based on the mechanism that regulates pharmacoki-
netics and performing model-based meta-analysis with sta-
tistical techniques, such as MCMC analysis, is helpful for a
rational understanding of ethnic differences in pharmaco-
kinetics and for strategic drug development. We hope that
this information provides a basis for global development of
new drugs by selectively focusing on the resources of early
clinical trials on necessary issues. In the future, when ad-
ditional new information becomes available for a sufficient
number of drugs and also with other ethnicities, the results
of this study would be validated to further confirm that the
ethnicity-specific trends in various clearance pathways and
improve the classification proposed here.
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